Pneumatic cylinders for precise applications usually have integrated piston position sensors for fine control. Most of the pneumatic cylinders have cylindrical aluminum barrel, which is transparent for DC magnetic field. The most popular piston position transducers use permanent magnet on the piston, which is sensed outside the cylinder [1] . The advantage of this approach is that it does not require cabling into the high-pressure area. This method can also be used for composite hydraulic cylinders. However DC magnetic transducers are sensitive to external magnetic fields such as fields generated by large electric currents or even the Earth's field. The influence of ferromagnetic rod can be theoretically compensated, but this compensation is too much sensitive to rod permeability and remanence, which changes with temperature and time. As a result, using an expensive non-magnetic rod is a must for dc piston position transducers. AC variable inductance displacement sensor with axial coil developed by Sumali et al. is resistant to external DC fields, but it works only for non-conducting cylinders and it is sensitive to the changes of the rod permeability and also to AC interference [2]. Other disadvantage of the variable inductance sensor is large hysteresis caused by ferromagnetic parts. AC transducer with saddle coil described in [3] works without permanent magnet. It does not have the mentioned disadvantages, but it was found to be very sensitive to small imperfections in the rod geometry such as deflection, as well as non-homogeneity and anisotropy of its magnetic properties. Thus the calibration of this transducer is also complicated and unstable and it the calibration is lost once the piston and rod rotate with respect to the cylinder. New sensor design In this paper we suggest new AC piston position transducer using axial coil directly wound on the cylinder surface as a field source. The 2 or 3 mm thick cylinder wall has large attenuation, however we show that at low frequencies the field inside the cylinder is still strong enough so that the cylinder movement can be observed by external fluxgate sensor. For the verification of this principle we built a physical model of the pneumatic cylinder using 60 mm diameter barrel pipe made of 2 mm thick aluminum, 20 mm thick aluminum piston and 15 mm diameter steel piston rod. On top of the cylinder we wound axial coil made of a tightly wound single layer of 0.5 mm diameter copper wire. The coil was supplied from the function generator with 50 Ω internal resistance, so that the maximum excitation current was 150 mA. In order to optimize sensor direction and position and also to find the optimum excitation frequency we made extensive simulations based on FEM analysis. Fig. 2 . The simulations were verified by measurement. An array of integrated fluxgate magnetic sensors was mounted in radial direction to suppress the primary field of the excitation coil. This was possible only because the used sensor has low crossfield error [4]. We have used integrated fluxgates DRV425 manufactured by Texas Instruments [5, 6] . The 2 mT output range of these sensors would allow to increase the excitation current by the factor of 10. In such case the noise limit would drop below 0.1 mm. The measured characteristics fit with the simulations. The sensitivity drops to one half at 20 Hz as predicted. Conclusions Position of the piston in pneumatic cylinder can be measured by AC magnetic method. Using axial field excitation and an array of radially oriented fluxgate sensors on the cylinder surface an accuracy of 1 mm and resolution of 0.1 mm is achievable. The sensor linear range is 4 cm. For longer strokes linear array of sensors spaced 2 to 4 cm should be used. The main advantages of the new method are: 1. it can be used on existing cylinders, both the coil and sensors are mounted outside the cylinder. 2. no influence by external magnetic fields 3. no need for expensive non-magnetic stainless steel piston rod. 4. resistance to the rod geometrical and magnetic imperfections The disadvantage of the axial transducer is that the excitation frequency should be kept low, which limits the dynamic response of the transducer. Transverse field excitation using saddle coils is less precise, but it is preferable for sensing the position of very fast moving pistons.
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